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DOSE ASSESSMENT AT BIKINI

ATOLL

Abstract

Bi kini Atoll is one of tw sites in
t he northern Marshal
used by the United States as testing

| sl ands that was

grounds for the nucl ear weapons pro-
gram from 1946 to 1958. In 1969 a

gener al Bikini Atoll.
coconut and Pandanus

cl eanup began at
Subsi st ence crops,
fruit, were planted on Bikini and Eneu
I sl ands, and housing was constructed
on Bikini Island

A second phase of housing was
pl anned for the interior of BiKkini
Island. Prelimnary data indicated
that external gamma doses in the
interior of the island night be higher
than in other parts of the island
Therefore, to select a second site for
housing on the island with m nim mm
ext erna
Atoll was conducted in June 1975
Ext er na

on Bi ki ni

exposure, a survey of BiKkini
ganma neasurenents were nade
and Eneu Islands, and soi
and vegetations sanples collected to
eval uate the potential doses via ter-

restrial food chains and inhalation.

Estimates of potential dose via the

marine food chain were based upon data

Six living patterns were eval uated.
One was based on |iving and obtaining
all subsistence crops from BiKkini
I sland, another on living on and
obtaining all subsistence crops from
Eneu Island. Qther patterns consisted
of various combinations of housing and
subsi stence crops fromthe two islands.

The terrestrial pathway contri-
butes the greater percentage, ex-
ternal gamma exposure contributes
the next highest, and inhalation
and marine pathways contri -
bute m nor fractions of the
total whole body and bone marrow
doses.  The radionuclides contri-
buting the mgjor fraction of
the dose are 908r and 137Cs.

Al living patterns involving
Bi ki ni
gui delines for 30-yr popul ation

I sl and exceed federa
doses.  The Eneu Island Iiving
pattern |leads to doses that are
slightly less than federal guide-
lines. Al patterns eval uated

for Bikini Atoll

doses than those on the southern

| ead to higher

collected on previous trips to the atoll, islands at Enewetak Atoll

Purpose of the 1975 Bikini Survey

Bikini Atoll is one of two sites in
t he northern Marshal

were used by the United States as testing

| sl ands t hat grounds for the nuclear weapons
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program from 1946 to 1958. The
Bi ki ni
rel ocation to Rongerik Atol

initial
in 1946,
have had a continuing desire to return

people, since their

to their honeland; so in the latter
part of the 1960's, the first steps
At ol |

cl eanup

toward rehabitation of BiKkini
were taken. In 1969 a genera
of debris and buildings began at
Bikini Atoll.

vegetation was cleared from Bikini and

Concurrently, scrub

Eneu Islands, the two major residen-

tial islands of the Bikini people

prior to their relocation (see
Fig. 1).

An agricultural reclamation

program was initiated with the planting

Nam
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of coconut trees on Eneu and BiKkini.
Addi ti onal

fruit,

subsi stence crops of bread-
Pandanus fruit, papaya, and
banana were planted on Bikini Island
To facilitate resettlenent, 43
houses were constructed on Bikin
I sl and between 1969 and 1974. A
second phase of housing was planned
of Bi ki ni
prelimnary data indicated

for the interior I sl and
however ,
that the externa

of Bi ki ni
hi gher than in other parts of the

gama dose in the

interior Island might be

i sl and. Therefore, to select a site

for the location of second phase

housing at Bikini Island that would
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Fig. 1, Mp of Bikini Atoll
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mnimze external exposure, a survey
of Bikini Atoll was proposed. Initia
plans called for aerial surveys to

determ ne external gamma |evels on al

islands in the atoll along with ground
surveys using scintillation counters
and thernol um nescent dosineters
(TLD).

Bi ki ni

Emphasi s was to be placed on
and Eneu |slands, the prine

residence islands. In addition, there
was to be a rather large scale effort
to sanple the soil and vegetation to

eval uate the potential dose via the

terrestrial pathway. |t was felt that
this was an especially inmportant goa
in view of the significance of the
contribution of the food chain to the
total dose estimted at Enewetak
Aol l. !
For a number of reasons, the scale
of the programhad to be reduced from
t hat

support were reduced, and the aeria

originally planned. Manpower and

survey was tenporally deferred, |eaving
the entire program of measuring the
external dose |evels on Bikini and
Eneu Islands to be acconplished by
ground crews.2 The enphasis of this
reduced effort was toward the externa
gamra measurenents on Bikini and Eneu
Islands. Al though the sanpling of the
food chain pathways was | ess extensive
than we had hoped, we maintained a
smal | er scale program designed to help
assess the potential dose via inges-
The 1975 BiKi ni

was conducted with the help of 20 peo-

tion pathways. survey

-3=

pl e (see acknow edgrment) and the sup-
port of the ERDA Research Vessel
Li kt anur,
1975.

The basic plans for the 1975 Bikin
survey are outlined bel ow,

from June 16 through June 24,

SURVEY PROGRAM OF BIKINI SO L AND

GAMVA EXPOSURE RATE

Survey of Ganma- Exposure Rate

The program for the measurement of
ganma-ray exposure rates conducted on
the ground was designed to examine in
detail

the geographical variability of

t he exposure rates on Bikini and Eneu
I'slands, and verify exposure-rates

measured during previous visits.

Met hods and Measurements

A Baird-Atomc scintillation detec-

tor, which consists of a 2.5-cmdiam
X 3.9-cm-long Nal crystal with a
rateneter readout was used, The
instrument was calibrated with a 37cs

point source in the prinmary calibra-
Envi r onnen-
Nevada
Wi | e the response of this instrument

tion range of the Nationa

tal Research Center, Las Vegas,

is energy-dependent, our experience at
Enewet ak showed that this was not a

serious limtation because of the

137

dom nance of Cs in the radiation

background on the atoll, W also used
a Reuter-Stokes high pressure ioniza-
tion chamber, The current produced by
the radiation-induced ionization within

the chanber is neasured by a sensitive



el ectroneter with a digital readout.

The instrunent exhibits a flat energy
response over all gamma-ray energies
of interest to this survey. It is
capabl e of neasuring exposure rates
from approximately 1 to 200 yR/hr with
Thus, the

data fromthis instrunent were used as

an accuracy of about 5%

a reference for neasurenents by ot her
t echni ques.

Exposure rates at 1 m above the
ground were neasured with the NaT
scintillator at approximtely 2500
| ocations on a 30-mrectangular grid
Island and at about 120
| ocations on a 120-m grid on Eneu

on Bi ki ni
| sl and. The ionization chanber was
primarily used for neasurenents within

the central section of Bikini Island
measurenents nade at

Thus,
gram a very conprehensive picture of
bot h

Ther nol um nes-

with additiona
sel ected areas. fromthis pro-
the gamma-ray exposure rates at
islands is available.
cent dosinmeters (TLDs) provided a
third technique for evaluating the
dose

ext ernal A conplete report on

the external ganma neasurenents and
resulting dose assessment has been

oubl i shed. 2

Soi | _Survey

The soil sanpling program was
designed to identify the primary
radi onuclides contributing to the
external gamm exposure and to deter-
m ne the geographical distribution of

t hese radionuclides in the soil on

Bi ki ni
Atoll.

integrated with previous prograns to

and Eneu |slands of the Bikini

This sanpling program was

avoid duplication of effort. The
actual nunber of sanples taken and
their specific collection sites were
determned by expected activity |evels,

hone-construction plans, agricultura

plans, and the nunber of |ocations of
recent soil sanples collected by other
prograns.

Met hods and Measurenents

Two types of soil sanples were col-

lected for analysis: a 15-cm deep,
surface-core sanpl e of 6O—cm2 ar ea,
and a profile collection based upon
sidewal | sanpling in a trench in which
sanpl es of 100—cm2 area were collected
at 15-cm~depth increnments to a depth
Bi ki ni
Island was divided into the north

of 90 cm To plan the survey,

central, and south sections along the
respective second baseline roads.
Eneu was divided by the airstrip into
the north and south sections. The
approxi mate nunbers of surface and
profile sanples collected within these
sections are given in Table 1.

Note that a major fraction of
the surface sanples were collected
within the central section of Bikin
Island. This was because of the
hi gher and nore variabl e gamma-
exposure rates in this area and the
fact that a major fraction of the

returning Bikinians are likely.



Table 1. Distribution of soil sanmple
| ocations on Bikini and Eneu
[ sl ands.
No. of sanple
| ocati ons
Surface Profiles
(15 cm (0G9 cm
Bi ki ni
North of second 25 2
baseline N
Central section 200 4
South of second 25 2
baseline S
Eneu
North of airstrip 60 2
South of airstrip 40 2
Tot al 350 122
a
6 sanpl es each,
to live in this section. A limted
nunber of profile sanples were
planned in this area because
several sanples were collected
during previous surveys. The north
and south sections of Bikini I|sland
and all of Eneu have | ower con-
tam nation | evel s; hence, the
sanpling density was lower. Specia

enphasi s, however, was given to

the |l agoon side of both islands since
hones may al so be erected in these

ar eas.

The exact soil-sanpling |ocations
were determined by a random sel ection
process to obtain statistically nean-
ingful and unbiased results. Specia
sanples were also collected within
areas of

"hot spot" areas and other

special interest. The sanples were
placed in plastic bags with identifi-
cation tags and prepared for shipnent
to LLL where they were processed and
Sam-

and

anal yzed by ganmma spectroscopy.

pl es were anal yzed for 239’240Pu

9OSr by wet chem stry nethods at
Md el | an

report

Laboratory, A conplete

on the analytical procedures

has been published.3

Bl KINI GROUND WATER PROGRAM
Pur pose

The ground water program was
designed to establish a network of
wel | |ocations on Bikini and Eneu
sl ands to assess the ground water
quality and to study systematically
t he hydrol ogy and geochemnistry of
radi onucl i des and major and trace
el enents in the ground water system
Wat er

were to be assessed to deduce the

novement and residence tines

transport rates and mechani sms of
radi onucl i des deposited in the soi

zone or taken up by vegetation.

Met hods and Measurenents

Pits were dug with a backhoe to the

hard coral layer; the ground water
reservoir surface was approximtely
2 m below the ground surface. Seven
holes were drilled with a ground power
auger at selected |ocations along the
centerlines of Bikini and Eneu Islands.
The auger penetrated the ground water

lens to a depth of approximately 1 to



1.5 m Each hol e was cased with slot-

ted 2-in-dianmeter polyvinylcarbonate
pi pe that was extended to the soi
surface. The pits were backfilled to
m nimze inpact on the environnent.
The first

i sland center.

hol e was | ocated near the
The salinity of the
wat er was neasured with an in situ
conductivity probe. Two holes were
then drilled on opposite sides of the
center hole and the salinity nmeasured
in each. Water was punped fromthe

wells, filtered, and sanpled. Radio-

nucl i des, mmjor elenents, nutrients,
and bacteria were neasured at the
Law ence Liver-nore Laboratory to pro-
vide data for water quality. Specific
wel | s were punped continuously during
a day and sanpled serially to deter-

m ne changes in water quality as a

function of usage

The well network is available for
resanpling. On subsequent trips to
the atoll we plan to assess thoroughly

the dynami cs of radionuclide cycling

in the ground water reservoir and to

mai ntain a surveillance of the water
quality. The program operation was
fashioned after our Enewetak ground
wat er study, and conparison of the

data from both atolls should be espe-
cially valuable for predicting the

nechani sm and rates of cycling of the
constituents in ground water at Pacific
atolls. A conplete report on the
Bi ki ni
and anal ysis has been published.4

and Eneu ground water sanpling

PLANT/ SO L SAVPLI NG PROGRAM

Pur pose:

The main thrust of the program was
to determ ne radionuclide concentra-
tions in food species, to correlate
these with soil concentrations at
various depths, to deternmine nuclide
availability to plants in the cora
soils, and to relate the radioactivity
in food species to that in indigenous
nonfood species that have the poten-
tial to serve as indicator species.
The unique infornmation that this sur-
vey provided is:

e Soil-to-plant and soil-to-fruit

concentration factors for detect-
abl e radionuclides,

e The relationship between food
speci es and nonfood species at
the same |ocation,

e Intra-island variability in
radi onucl i de concentration in
the vegetation, and

e A data base for assessment of

terrestrial food chain transfer

of radioactivity from the soi

to man for |ong-term dose eval -

uation follow ng resettlenment of

the atoll

Met hods and Measurenent s

The sanpling program consisted of
the integration of a series of sanples
of food species with soil profile sam—
pl es obtained on an ad hoc, avail able
species basis. Al food species

growi ng and bearing fruit on Bikin



were sanpled. A broader sanpling pro-
gram based upon the widely avail able
Messer schm dia and

natural species,

Scaevola, was also carried out to
determne the intra-island variations
inthe radioactivity of the vegeta-
Soi |

fromthe root zone of each tree that

tion. profiles were obtained

was sanpled to determine the concen-
tration of radioactivity in the root-
30il environnent. Both | eaves and
fruit were sanpled so that leaf-to-
fruit concentration ratios could be
calculated. Nonfood species were sam
pled in the vicinity of food species
to provide infornation on species var-
iation in radionuclide uptake and to
eval uate the use of concentrations in
nonfood speci es when no food products
are available for analysis to predict
This

approach was devel oped in the Enewetak

the inmpact of human intake
survey because of the paucity of food

species on the atoll, The soil sam
pling results and the concentration
and correlation factors devel oped from
the plant-soil data have been published
as a separate report.5

This program along with the ground
wat er program supplies the data base
for assessing the long-term dose com
mtment via food chains and rehabita-
tion of the atoll,

BI KINI Al R SAMPLI NG AND RESUSPENSI ON
MEASUREMENT PROGRAM

Because of limted support facili-

ties, manpower, and tine and because

of other program demands for air sam
pling equipnent resulting from del ays

in fielding the Bikini survey, no
attenpt was made to establish an air

sanmpling programduring this survey.

SAMPLE PROCESSI NG

Upon conpl etion of the field survey
in June, nearly 1000 sanples including

soil, vegetation, animals, and water
were returned to LLL for processing
and analysis. Because of funding
probl ens, the processing of the sam
ples was not begun until late Septem

ber; processing was conpleted by early
Novenber 1975

di scussed in detai

Sanpl e processing is
in Ref. 3. The
time required to anal yze these sanples
was consi derabl e and was incorporated

into a priority framework involving

other programs. In addition, funding

probl ens prevented anal ysis of al
sanples, so tine was required to

establish priorities for sanples that
for As data becane

were sent anal ysi s.

avai | abl e and as assessnent activities

began, additional sanples that were of

particular inportance for assessment

purposes were identified. Wwen limted
addi tional funding becane available in
the summer of 1976, second priority

sanpl es were sent for analysis and

incorporated into our assessment. Qur
data bank for the sanples that were

anal yzed was conpleted in Cctober 1976.



REPORTI NG OF RESULTS
The results of this survey are pre-

sented in a series of reports, each
dealing with a specific area. The
reports covering the 1975 Bikini Sur-
vey are
e P. H Gudiksen, T. R Crites,
and W L. Robison, External Dose
Estimates for Future BiKkini
Atoll I nhabitants, Lawence
Li vernore Laboratory, Rept.
UCRL-51879 Rev, 1 (1976).
e M E Munt, W L. Robison,
S. E. Thompson, K 0. Hamby,

A L. Prindle, and H B. Levy,
Analytical Program 1975 Bi ki ni
Radiological Survey, Law ence
Livernore Laboratory, Rept.
UCRL- 51879, Part 2 (1976).

e C. S. Colsher, W L. Robison,
and P. H. CQudiksen, Evaluation
of the Radionuclide Concentr a-
tions in SoiZ and Plants from

the 1975 Terrestri al
Bi ki ni
Livemore Laboratory,
UCRL- 51879, Part 3 (1977).
o V. E. Noshkin, W L.
K M Wng, and R J.
Eval uati on of Radiological
Quality of the Water on Bikin
and Eneu IsZands in 1975: Dose
Assessnment Based on Initial Sam-

Survey of
and Eneu Telands, Law ence
Rept .

Robi son,
Eagl e,

pling, Lawence Liver-nore Labora-
tory, Rept. UCRL-51879, Part 4 (1977).

@ W L. Robison, W A Phillips,
and C. S. Col sher, Dose Assessnent
of Bikini Atoll, Law ence Liver=-
more Laboratory, Rept.

UCRL- 51879, Part 5 (1977)

e W L. Robison and W A. Phillips,
Annual Doses and Body Burdens
Predi cted for Bikini
I sl ands,

and Eneu

Law ence Livernore
UCRL- 51879,
6 (in preparation).

Laboratory,
Part

Rept

Living Patterns and Diet

and Eneu Islands were the
At ol
for residence prior to the evacuation
of the Bikini The

living patterns adopted for assessment
inthis report reflect this history

Bi ki ni
two maj or islands at BiKkini used

people in 1947,

and the continuing desire of the peo-
ple to use these two islands for resi-
dence. Since subsistence agriculture
will of course occur on the residence

i sl ands, our assessnents eval uate both

-8~

external and ingestion pathways. The
possible living patterns that we
assessed are listed in Table 2. These

living patterns cover a range of pos-

si bl e exposures that could be incurred
by a sizeable portion of the returning
Bi ki ni
ite of
Bi ki ni
and studi es conducted in support

popul ation and are the conpos-
i nformation obtained fromthe

peopl e, Trust Territory person-
nel ,
of the Radi ol ogi cal Survey.3



Table 2.

Assumed living patterns

Pattern

Description

1 No use of Bikini
ar eas,
use of fish throughout

2 Resi dence on Bi ki ni
No additi onal
grown on Bikini Island.

groundwat er for

3 Limted use of Bikini

Al food grown on BiKkini
breadfruit.
Bi ki ni
Limted use of Bikini

Pattern 3 taken.
Pandanus and breadfruit.

Pl ase 11
At ol |

[ sl and,
for

Mast er Pl an,

6 Phase 11

Atoll Master Pl an. Al |

Island with the follow ng renedial
(a) placing 5 cm of clean coral

di stance of 10 m and (b) renoval
replacenent with clean soil

to

Island are acceptabl e except
Unrestricted use of fish throughout the atoll,
I sl and groundwater for agriculture only.

Island with Phase 11
along the lagoon road within Area 2 of Fig. 2.
Use of coconuts grown on Bikini

agriculture and washing only.

Island at present as housing or food production
Eneu Island for housing and food production.
the atoll.

Unrestricted

Island linmted to houses already constructed.
house construction for the present.

Use of coconuts

Gt her food crops grown on Eneu Island only.
Unrestricted use of fish fromall
agriculture only.

parts of the atoll. Bi kini Island

actions by

gravel around existing houses to a
of the top 20 cm of soil and

a di stance of 10 mfromthe houses,

Pandanus and

Use of

houses constructed only
Renedi al actions of
I sl and but not

Unrestricted use of fish through the atoll.

housi ng construction according to the Prelimnary Bikini
but no use of Pandanus and breadfruit from Bikini
Unrestricted use of fish throughout the atoll.
agriculture and washing only.

Groundwat er

housi ng constructed according to the Prelimnary BiKkini
foods grown on Bi ki ni
Unrestricted use of fish throughout the atoll.

sl and are acceptabl e.
G oundwat er used for

In addition to living patterns,
another major factor in determ ning
the potential dose to the returning
popul ation is the diet. A consider-
able effort was nmade in the 1972
Enewet ak Survey' to predict the diet
of the returning Enewetak popul ation.
Based upon those efforts and di scus-
Tr ust

sions with the Bikini people,

Territory personnel, and our observa-
tion of the few famlies presently
the diets

[isted in Table 3 should reflect a

living on Bikini Island,

reasonabl e estimate of the diet of the
returning popul ation.
One for 1975

The difference

Two diets are |isted:
1980.

in the diets reflects our estinates of

and another for
the availability of certain food prod-

ucts. For exanple, on Bikini nost of
the coconut trees are presently not
bearing fruit, and for the nost part
be
limted throughout the next 5 years.
By 1980,

will

coconut fruit availability will

however, sufficient coconut

be avail able so that there shoul d




be no such limtations on dietary

intake of coconut. Sinilarly, Pandanus
and breadfruit are not fully matured

on Bikini Island; and since it wll be
a few years before these plants are
very productive, only a few fruit are
occasionally available. Once again
by 1980 the availability of both Pan-
danus and breadfruit should be suffi-
cient for normal subsistence use and
could be included in the diet if

radi onuclide | evels are not excessive.
Presently on Eneu Island there are no
breadfruit; however,
By 1980 avail -

ability of coconut milk and meat should

Pandanus fruit or
coconuts are avail able,
not be limting. W have al so assuned
that both Pandanus fruit and bread-
fruit will be available by 1980 on
Eneu.

These dietary estimates are sinilar
to those in the assessment of Enewetak
Atoll'

conducted at that tine, which included

and are based upon the research

di scussions with and observations of
t he Enewetak people living on Uilang
and information from Dr. Jack Tobin,
an ant hropol ogi st and then resident of
the Marshal | and Dr. Mary
Murai of the University of California
School of Public Health, who lived in
t he Marshal

and has published a book on the Mar-

| sl ands,

Islands for several years

shal | ese diet.7 In addition, we have
since had the opportunity to observe
first hand how both the Enewetak and

the Bikini people take advantage of

-10-

the available marine and terrestria
resour ces.

The use of inported foods wll
surely continue to varying degrees.
To the extent that these inports may
reduce the daily intake of locally
grown food products or locally avail -
able marine resources Will in turn
reduce the dose estimates in this
report since these estimtes are based
upon the diets listed in Table 3. The
di et should be evaluated after the
people return to deternine the extent
to which it deviates fromthe diet used

in this dose assessnent.

Table 3. Estimated diet for Bikini
and Eneu Isl ands.
I ntake (g/da>
1975 1980
Bi ki ni
and
Food item Bi kini Eneu  Eneu
Fi sh 600 600 600
Donestic meat 100 100 100
Pandanus fruit 50 - 200
Breadfruit 50 - 150
WIld birds 20 20 20
Bird eggs 10 10 10
Coconut neat 100 100 100
Coconut m |k 100 100 300
Coconut crab 25 25 25
d ams 25 25 25
Gar den
veget abl es 50 50 50
Tot al 1130 1030 1580
plus inports




Methods of Dose Calculation

The external dose measurenents and
cal cul ations from gamma-emtting
137CS and

Co, distributed in the soil on

Bi ki ni

descri bed

radi onucl i des,
60

primarily

and Eneu Islands has been
in detail. 2

Previous studies of the aged fall-
1,8 in the Marshal
anal ytica

t hat

out | sl ands and t he

data reported here indicate
60Co, 90Sr 137Cs, 241Am,

and pl utonium isotopes contribute to

only

the internal dose. The doses resulting

fromthe inhalation and ingestion of
t hese nuclides have been cal cul ated

using the nost recent nmodels, transfer

and turnover tinmes avail-

60

coefficients,

able. The dose from ~Co was based

node
9

upon a singl e-exponenti al with a
half time of 10 da. The
transfer across the gut to whol e body

137Cs a two-

bi ol ogi ca
was taken as 0.3. For
conponent exponential function was
used. Al of the “37Cs
assuned to reach the whole body. O

the total 137 15%

ingested is

Cs reaching the body,

has a biological half tine of 1 da

and 85% has a biological half time of

115 days.lO

The critical organ for 90Sr-dose

calculation is bone marrow. The doses

90

from~”"Sr in this report are given for

bone marrow and are cal cul ated by the
11-13 _ 4

14 This

net hod devel oped by Spiers
used in the UNSCEAR reports.

-1]~

nodel cal culates the dose with a qual -

ity factor (QF) of 1 without the use
of an n factor for nonuniformdistri-

bution in the bone.15 Under these

conditions the bone narrow doses
shoul d be conpared to the 0.5 rem/yr
gui del i ne for nenbers of the public
rather than the 3 rem/yr criterial® 18

bone doses are cal-
9,15

used if mnera

cul ated using an =z factor of 5.

239, 240

The bone |iver doses of Pu were

cal cul ated using the | CRP |ung

19,20

model and the nost recent param—
!

eters for transfer fromthe |ung
retention

organs,lg’21 A

across the gut wall, and for
time in the critical
summary description of this nodel and
associ ated transfer and retention
coefficients is given in a recent

paper by Martin and Bl oom 22

Table 4. Disintegration energy (g) and
fractional  deposition (F) in
reference organ of five major
radi onucl i des.

Whole
Bone Liver Body
Radio- E, a

nuclide MeV F F ¥

137¢s 0,59  — _ 1.0

gy 1.1 0.3

60¢, 0.87  — — 0.3

239,280, o, 1.35(-5) 1.20(-5) -

“Numbers in parentheses indicate _povers
of 10, i.e., (-5) indicates x 107°-



The effective energies (E) and
the fraction of ingested nuclide

reaching the reference organ (F) of

Exposure Pathways:
EXTERNAL GAMVA DOSE

The description of the neasurenents,

dose calcul ations, and dose estinates

for the external exposure pathway Have
been reported in detail,2 Tn summary,

1375 and %00 produce nearly all the

external dose on both Bikini and Eneu
| slands, with 137CS contributing
approxi mately 94% of the total, In
addition, the dose |evels on Eneu

| sl and were about one-half those on
Bi ki ni
The first-yr dose and 30-yr inte-

I sl and.
gral dose on the two islands as a

function of the alternative living
patterns is shown in Table 5. Inte-
grated external exposures for 10, 30,
50, and 70 yr are listed in Tables 6
t hrough 9,

the interior of Bikini

Resi dence in
Island (Fig, 2,
Area 3) gives the highest externa

The
guideline for a nmenber

respectively.

exposure (Patterns 5 and 6).
annual Federa
of the popul ati on recomrends a dose
less than 0.5 rem for the whol e body

23-26 For

and 0.5 rem for bone marrow.
Patterns 5 and 6 the estimted first~
yr dose of 0.25 rem (excluding natura

background) is a significant fraction

the four radionuclides that produce
99% of the dose are listed in
Tabl e 4.

over

Description and Dose

of the anmount recomrended by the annua
gui deline and leaves little room for
dose accunul ation via other pathways.

Simlarly, the annual guidelines for a
popul ation for 30 yr is 5 rem and the
estimated 30-yr integral dose (ex-
cl udi ng natural background) for Pat-

terns 5 and 6 is 5.1 rem Again, over

a 30-yr period, the external dose
received fromthis housing |ocation
and living pattern allows no contribu-
tion by exposure from other pathways.
This is very significant because
potential doses via the terrestria
food chain can exceed those resulting
from external exposure

Housi ng constructed in Area 2
(Table 2, Patterns 4a and 4b) al ong
the |l agoon road reduces the externa
exposure relative to Patterns 5 and 6
by approximtely 25%, dependi ng upon
i s considered.

which renedial action

Commonly, crushed gravel is placed

around the houses and is acconplished

easily. Soil renmoval and replacement,
however, are more difficult to inple-
ment. Living in residences already

established on Bikini Island (Fig. 3;

in Fig. 2, Area 1) gives the snall est
| sl and

external exposure on Bikin

=12~



Table 5. Estimated integral whol e-body, external gamma doses for the first yr
and for 30 yr. Values include contributions resulting from natura
background radi ati on of about 0.027 remfor a first-yr dose and 0.80
remfor a 30-yr dose. For conparison, the Federal radiation guide-
line (total of external and internal doses) is 0.5 rem/yr for indi-
viduals and 5 remfor 30 yr for a population average. These guide-
lines are in addition to natural background

Esti mat ed
a doses (rem
Pattern Descri ption First yr 30 yr
1 Village on Eneu Island. 0.12 2.9
2 Resi dence in houses already constructed al ong 0.20 4.3
| agoon road on Bikini Island
3 Resi dence in houses already constructed al ong
| agoon road on Bikini Island with the follow ng
remedi al actions taken
a, Placing 5 cmof gravel around houses, 0.18b 4.lb
h. Removing and replacing top 20 cm of soil 0.18b 4.0b
around houses.
4 Resi dence in Phase Il houses constructed al ong
| agoon road within Area 2 of Fig. 2 with the
following remedial actions taken
a. Placing 5 cmof gravel around houses, 0.22b 4.8b
h. Rermoving and replacing top 20 cm of soil 0.20b 4.4b
around houses.
5 Resi dence in Phase Il houses constructed wthin 0.28 5.9
the interior of Bikini Island.
6 Resi dence in Phase Il houses constructed wthin 0.28 5.9

the interior of Bikini Island.

85ee Table 2.

bThe exposure rates in the immediate vicinity of the houses have been reduced
by a factor of two and eight for renedial actions a and b, respectively.
However, we have estimated that only 35 to 40% of the Bikinian's time will be
spent in the vicinity of his house; therefore, the reduction in total dose is
relatively small because the total dose includes the exposure received from
the areas where he spends the remainder of his tine.

(Patterns 2, 3a, and 3b); the 30-yr Island lead to the | owest externa
doses (excluding natural background) exposure doses. The first-yr dose of
for these patterns range from3.2 to 0.093 rem and the integrated 30-yr
3.5 rem Living patterns on Eneu dose of 2.1 remare nearly one-half

-13-
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A

e r——
1000 200 400
Meters

Pacific ocean

Fig, 2A map of Bikini Island showi ng the specific areas of interest for the
dose calculations. Existing houses are situated within Area 1. Areas 2
and 3 are proposed village sitesfor future housing units. The interior
portion of the island is denoted by Area 4.
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t he Bi ki ni

living pattern,

The Eneu

has nore

I sl and options.
therefore
flexibility for potential exposure via
ot her pathways w thout exceedi ng Fed-

eral guidelines.

I NHALATI ON PATHWAY

No air sanpling data were taken
during the 1975 BiKkini Open
field aerosols were neasured to sone
Bikini Atoll. 8?7

Because of the sparsity of data, how

survey,
extent previously at
ever, and also the lack of data on
resuspensi on processes in the atol
environment, the average concentra-
tions of Puin the soil were used in a
mass | oadi ng nodel topredict the
doses via the inhalation pathway,
This is the same approach used to
eval uate the inhal ation pathway at
Enewet ak Atoll. 28
The nmass | oadi ng concept may be
nore relevant for estimating the
potential dose via inhalation than
open air aerosol neasurenents because
the resuspended material created by. a
person in his own i mediate environ-
ment may be significantly greater than
is reflected in open air neasurenents.
Therefore, it is assunmed that the con-
centration of Pu observed in the sur-
at BiKini

face soil and Eneu | sl ands

will remain the sane in the respir-
abl e, resuspended surface material
In addition, a nass |oading of
100 pghm3and a breathing rate of

20 m3/da were used to develop the Pu

-18-

inhalation rate in pC/da. A nass

| oadi ng of 100 ug/m> is at the high
end of the observed range for norm
aerosol neasurenents.

open air How-

ever, since |ocal resuspension created

inthe imediate vicinity of an indi-
activities

vidual during his norma

is probably greater than open air

measurenents, it appears reasonable,
for lack of specific data, to use the
hi gher number. The average 239’240Pu

concentrations in the surface soils
(0 to 5 cm of Bikini
are 9.3 and 1.4 pCi/g, respectively.

and Eneu |[sl ands

The pCi/day intake resulting fromthe
above nodel is, therefore, 0.019 for
Bi kini and 0.0028 for

The doses resulting frominhal ation
of 241, 240

Eneu.

Pu are listed in Table 10 for

the three critical organs:  ung, bone

and liver. The doses predicted on

Eneu are, of course, |ess than those

predicted on Bikini Island. These

doses will be conpared bel ow with bone
and whol e body dose from other pathways.

be consi d-
241P
u

241Pu

Two ot her isotopes nust

ered in the inhal ation pathway —

241

and Am. The concentration of

in the soil on Bikini and Eneu is
approxi mately 10 tines that of

239,240, 3

However, because of | ow

energy beta radiation (0,021 MeV naxi -
mum) and a nuch shorter half life
(14 yr) the integrated 30-, 50-, and

241Pu are nore than

70-yr doses from
one-tenth less than those listed in

Table 10 for 239’240Pu.
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. ! 241
The concentrations (pC/g) of 4 Am

at Bikini

approxi mately one-half of the

in the soil and Eneu are

239, 240p, concentrati ons. However ,
more 24TAm wil |
241Pu. The parent-daughter rela-
241, ,241

Pu/

The maxi mum 241

result fromthe decay
of

tionship for Amis shown in

Fig. 4. Am activity
. C 241
that will result froman initial Pu
o . . 2
activity is 2.6% of the initial 41Pu
- 241
activity. Because the present 4 Pu

is 10 tines that

Pu the final 241

activity in the soil
of 239,240 Am soil

activity resulting fromthe decay of

241 be 0.26 that of 239’240PU-

The currently observed 241

Pu will
Am soil con-

centrations are 0.55 that of

Thus, the final total soil concentra-
tion of 241Am resulting from 241Am now
102 Y'* v 1 1 1 7 LI S S 3
- \ 241py activity i
=\
\ —
B \
\
\
10 = \\ T___
"? L \ -
S C \ ]
£ - \ .
S L \ 241 Am activity
2 2.6 [ ===
2 4 \
& \ 7]
[ \
o \
1 —
\ :
\ -
241 . _j/\\ ]
Pu activity \
.. \ N
241 Am activity \ i
\
\ \
0.1 TR N R VAT SN WS A MO S 1 } Y
0 40 80 120
Time — yr

239’240Pu.

present and that which will result
from 241Pu decay will be 0.81 (0.55
+ 0.26) that of the existing 239, 240]?u

soil concentrations.
dose via inhal ation,

241Am soi |

239,240

sidered equal to the

As a result,
239, 240

trations.
shown in Table 6 for
doubl ed to account for the

DRI NKI NG WATER PATHWAY

t he event ual

t he doses

For estimates of

concentrati ons can be con-

Pu concen-

Pu can be
241Am,

The anal ysis of cistern and ground

wat er were published in a separate

report. 4 Bot h radi ol ogi cal
ical analyses were perfornmed.
mary of the radi ol ogical

the water is presented here.

Fig. 4.
1py activity and daughter
activity.

~20~

and chem
A sum

quality of

nor e

Rel ati onshi p between parent
241 pm



detail and for data on the chem ca
quality, the original report should be
consul ted

The data fromthe cistern water in
Bi ki ni
G ound water data from Bikini
are listed in Table 12. It
inthe alternate living patterns that

Island are given in Table 11
and Eneu

is assuned

only the cistern water will be used

for consumption. Therefore, the dose
assessnment via this pathway was based
upon the average values listed in

Table 11

presented for conparison in the event

The ground water data are

ground water were used as potable
wat er .

The 10-, 30-, 50-, and 70-yr inte-
gral doses resulting fromthe consunp-
tion of Bikini
in Table 13 and are of the order of a
few nmlliremfor whole body and bone
marrow. These are the doses used in
the subsequent dose summary tables.
The whol e body and liver dose is con-
tributed almost entirely by 137Cs.
Strontium 90 and cesium 137 are
approxi mately two orders of magnitude
239’240Pu in contributing

Tables 14 and 15

conpare the doses based upon the con-

hi gher than
to bone narrow dose
sunptions of Bikini and Eneu ground
water. The 30-, 50-, and 70-yr doses
resulting from consunption of Bikin
ground water range from1l to 2 remfor
bone marrow and 0.4 to 0.7 remfor
whol e body.

i ncrease over the estinmates

This is a very signifi-

cant

cistern water are |isted

Table 11. Analysis of cistern
wat er sanpled on 21

June 1975 on Bi ki ni

Island (Bikini Atoll).
Radi onucl i des (pci/1)2
sdg. D7cs 90, 239, 240,,_

5 2.5(1) 1.1(11) 7.9 x 10 °(5)
24 1.8(2) 1.9(2) 13.7 x 1073(4)
School  1.7(2) 1.42¢7) 29.0 x 107>(2)

Mean 2.0 1,47 1.69 x 1072

2The val ues in parentheses are the |-a
counting errors expressed as percentage
of the listed val ues

resulting from consunption of cistern
water. The estinates based upon con-
sunption of Eneu ground water (Table
15) al so
sunption
50~, and
fromO0.2
and 0.03 to 0.05 remfor whol e body.

Al doses were based upon an intake of

of 2 I/da

exceed those based upon con-
the 30-,
doses range

of cistern water;
70-yr integra
to 0.4 remfor bone narrow

wat er

MARI NE FOOD CHAI'N

No marine sanples were collected
during the June 1975 survey. This was
the result of both linmted manpower
and tine and the fact that the marine
pat hway contributed much less to the
gamma radi ati on dose than the terres-

and ext ernal
29

trial gamma pat hways at

Enewet ak. Fromthis relative point
of view, we expected both atolls to be

very simlar.

~21~



Table 12, Radionuclide concentration in the groundwater of Bikini and Eneu

I sl ands.
Bi ki ni
. a
Concentration
137CS Ratio
Ti e (pC1/1) 90, (pC1/1) 239,240, (£C1/1) 238/239,240,
Vel | sanmpl ed Sol Part Sol Part Sol Part So
HFH 1 (0840) 480 9.9 87(1) 1.31 40.0 3.3(13) 0.026(9)
(1145) 629  10.9 46(1)  0.57 5.9 1.3(32) <0.004
(1545) 695  15.6 38(1) 0.48 4.7 1.9(21) co. 004
HFH2 294 12.0 77 1.37 7.5  71.3(4) 0.04 (35)
HFH 3 335 8.3 227 38.2 8.4(10) <0.008
HFH4 226 6.5 260 89 33.2 <0.001
HFH 5 530 8.5 180 25.6  13.4(12) 0.004 (60)
HFH 7 250 5.8 1.0 0.8 2.0(22) 0.022(30)
Eneu
. a
Concentration
Ti e 137¢s (pci/1) s+ (pci/1) 239 (£ci/1)
Vel | sanpl ed Sol Par t Sol P ar t Sol Par t
FWR 1 0835 35,3(1) 1.17¢2) 71 (1) 0.81 3.5(6) 9.5 (10)
1250 30 (1) 0.73(3) 45.6(1) 0.56 3.3(8) 1.6 (22
FWR2 69.1(1) 0.95(3) 66 (2) 23.5(4) 8.4 (17)
FWR3SE 32 (2) 0.59(2) 1.3(13) 0.03 0.72(22) 1.42(16)
3B 20 (3) 0.49(5) 1.0(9) 0.32(30) 1.1 (15)
FWR4 1,1(5) 0.57(2) 3.4(5) 0.11 0.85(18) 0.67(27)

8561 = soluble fraction, Part = particulate fraction. The val ues in paren-
theses are the 1~0 counting errors expressed as percentages of the listed
val ues.

bS = surface, B = bottom

The data used, therefore, to evalu- Radiation Ecology, University of
ate the potential dose via the marine Washington. Table 16 lists the fish

food chain was obtained from published data used in the dose assessnent
8,30

data and from unpublished data Table 17 lists the data on clams. The
supplied through the courtesy of average concentration of the radio-
Dr. Vic Nelson of the Laboratory of nucl ides were determned fromthe data

-22-
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in Tables 16 and 17 by wei ghting by
sanpl e size and by assum ng that
detection limt values ("less than"
numbers) were actual concentration
Table 18 lists the fina

radi onucl i de concentrations that were

val ues.

used along with the estimate of fish

i ngested per day (600 g/da) to cal cu-

| ate the radionuclide intake via the
The table
al so includes the concentration of

marine food chain (pG/da).

sone radionuclides in fish used in the
1973 Enewetak assessnent.

The species of birds that are
readi |y caught and included in the
diet are marine feeders, nostly
species of terns, Therefore, the
radi onucl i de concentrations in their
muscle tissue are simlar to that in
the marine diet. For this reason
birds and bird eggs are consi dered
part of the marine diet for the pur-
No birds
or bird eggs were collected in June
1975,

this part of the marine food chain

poses of dose calculation.

so the data used to eval uate

come from previously published

8,31,32 . .
reports and are summarized in
Table 19. The final

data used for

concentration
listed
in Table 20 were derived assuning that

dose assessnent

six times nmore bird nuscle is consuned
than liver and that the wet-to-dry

ratio is 0.33 for nuscle and |iver and
0.25 for eggs,

of Pu concentration data on birds and

Because of the absence

bird eggs on Bikini and the simlarity

of Bikini and Enewetak data on bird
muscle and liver, we are listing in
Table 20 the Pu concentrations from
the Enewetak Radi ol ogical 33

The 10-, 30-, 50-, and 70-yr

doses resulting fromingestion of

Survey.
inte-
gral
marine foods are given in Table 21.
Strontium 90 contributes the |argest
fraction of the bone marrow dose (70
to 80%), 137Cs contri butes approxi-
mately 20%, while 60Co and 239’240Pu
contribute about 6% of the total. The
whol e body dose from the marine path-
way is 50 nrem for the integrated
30-yr dose and 66 nrem for the 50-yr
integrated dose, The bone marrow
doses are 200 nrem and 290 nrem f or
the 30-yr and 50-yr integral doses,

respectively. These integral doses

are small relative to those from ot her

pat hways. Al though the marine pathway

contributes a relatively significant

239,240

fraction of the total Pu i ntake

Table 18, Average weighted?® radio-
nucl i de concentrations in
fish and clanms at Bikini
Atoll.

Concentrati on,
pCi/g Wt Wi ght

Speci es 60Co l37Cs 9OSr 239’240Pu

Fi sh 1.51 0.14 0,076 0.0028

C ans 2.06 0.011 0.0060 0. 0072

Enewet ak Atoll 1972 Dose Assessnent

Fi sh 2.0 0.39 0. 075 -

35eighted by number of fish or clans
in the sanple

-27~-



Table 19

Radi onucl i de concentrations in birds

and bird eggs at Bikini Atoll

Concentrati on,
pCi/g wet wei ght

Sam-

Sour ce I sl and Speci es pl e Tissue 6000 137Cs 9OSr 239’240Pu
Lynch et aZS Oroken Fairy tern 1 Mscle 0.26 0.079 — -
Held28 " Noddy tern 5 Miscle 1.3 0.15 — —

" " " " 5 Li ver 2.7 <0.4 - —

" " Fairy tern 5 Miscle 0.29 <0.4 — —

" " " " 5 Liver 0.42 <0.4 - —
Vie Nelson,27 Nam Sooty and 4 Muscl e 0.30 <0.017 0.013 -

unpubl i shed noody tern
" " Bird eggs — Shelled 0.06 0.13 0. 07 —
egg
the resulting dose conpared to 908r Table 20. Average radionuclide concen-
137 .. . trations in birds and bird
and Cs is very small. eggs at Bikini Atoll
TERRESTRI AL FOOD CHAIN Concent rati on,
pCi/g wet wei ght
60 137 90 239,240

The availability of locally grown Co Cs St > Pu
terrestrial food products was still Birds 0.76 0.22 0,04 0.022
mniml in June 1975. Thousands of Bird
coconut trees were planted in the eggs 0.015 0.033 0.018 0.0059

hal f of 1969 on BiKi ni
but only a few were bearing
in 1975.

breadfruit were planted during the

| atter and
Eneu,
fruit Pandanus fruit and

sanme time period on Bikini Island, and
the first few fruits fromthese trees
appeared over the past year and a

hal f.

however ,

The nunber of these trees is,
distri-
bution is limted. No breadfruit or

not great and their
Pandanus fruit were planted on Eneu.
Banana and papaya trees were al so

planted at two | ocations on Bikini

sl and and produced fruit during the
past two years

As a result of the sparsity of
avai |l abl e food crops, our goals in the
l[imted survey were to sanple the
vegetation of all species of food
crops available as well as indicator
pl ants such as Scaevola and Messer-
schmidia,to sanple edible fruit where
and to take soi

avai | abl e, profile

-28—
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sanpl es through the root zones of the

sanpl ed trees. From these data, we
devel oped concentration factors (CF)
relating concentration in food prod-
ucts to soil

concentration, as well as

concentration ratios that relate the
concentration in the vegetation (I eaf)
to the concentration in the edible
fruit, or the concentration in indi-
cator species (Scaevola and Messer-
schmidia)to concentrations in food
crops.

A separate report’ di scusses in
detail the results of the sanpling
program and the cal culation of CF and
concentationratio, In brief, the
distribution of radionuclides in both
the Bikini and Enewetak environnment
was nonhonpgenous. Radi onuclide con-
centrations in soil varied greatly
over distances of only a few feet.
The results of our work during this
survey verified our thesis that
because of the wide variability in
soi|l concentration with | ocation, use-
ful concentration factors can only be
cal cul ated from vegetation and soi
data sanpled fromthe exact site.
Concentration factors derived from
soil sanmpled fromthe root zone of the
vegetati on under investigation showed
a greatly reduced range of values com
pared with val ues devel oped earlier
from vegetation and soil sanples from

different sites but in the sane

34,3

area” ’ 3 (see also Table 22, this

report).

-30-

The concentration factors deter-
mned fromthis survey are nore pre-
cise and provide a better basis for
estimating the average radionuclide
concentration that woul d be expected
fromcrops planted in certain regions
within an island or on different
i sl ands.

Despite the greater precision of
concentration factors cal culated from
associated vegetation and soil data,
these values still show sone variabil -
ity. This remaining variability can
be accounted for by several factors

acting either alone or in concert.
These factors include differences in:
e Soil type,

chem cal

organi c content, and
characteristics;
e Physiochenical properties of the
radi onucl i des;
e Soil

e Irrigation practices; and

managenent practices;

e Physiol ogy, age, and prior his-
tory of
One woul d,

variation in sanpling conducted froma

the sanpled plants.
in fact, expect to see sone
specific tree nerely resulting from

normal biological variability.

In addition to the cal cul ation of
CF, the data fromthe | arge surface-
soi |l sanpling progran? were used to
determ ne average soil concentrations
in four regions on Bikini |sland and
in the whole of Eneu Island. These
average soil concentrations were then
used along with the concentration fac-

tors to predict the radionuclide



Tabl e 22, Soi |l -mature |eaf concentration factors calcul ated from associated?®
and nonassociatedP dat a.
Concentration factor, (pCi/g dry plant) (pCi/g dry soil)
Associ at ed Nonassoci at ed
No. No.
of of
Nucl i de sam~ sam-
speci es pl es M n Max Medi an pl es M n Max Medi an
9OSr, Seaevola 2 0.24 0.41 0.33 4 0. 048 4.3 1.8
9OSr, coconut 7 0.099 0. 38 0.16 15 0. 041 0.74 0.29
137Cs, Scaevola 2 1.3 14 7.5 4 0.073 39 7.7
137¢s, coconut 8 1.1 16 3.0 15  0.53 18 2.6
299py, coconut 4  0.011  0.022 0.015 12  0.0036  0.14 0.016
240py, coconut 4  0.011  0.021 0.015 12  0.0021  0.15 0.016
8plant and soil data sanmpled fromthe same site
bPlant and soil data sanpled fromdifferent sites in the same general area

concentrations expected in the terres-

trial food products. The results are

listed in Table 23

During the June survey, a fully
grown pig and two chickens that were
born in and raised on Bikini Island

were obtained for analysis. The pig
and chickens roaned freely around the
island, so the radionuclide concentra-
tions in these animals reflect their

integrated diet. Ingestion via the
neat pathway can be estimated by the

anal ysis of these sanples. The esti-
mat es of the radionuclide concentra-
tion expected in neat on Eneu were
determned by nultiplying the concen-
trations in the neat sanples from

Bikini Island by the ratio of the aver-

~3]~

age Eneu-Bikini soil concentrations,

Since nmost of the animal diet consists
of vegetation and a certain anount of
soil, this ratioing procedure should
predict reasonable concentrations for
donestic animals raised on Eneu
Al t hough coconut crabs were not
col l ected during the June 1975 survey,
they were collected during previous
visits to the islands. The values
listed for coconut crab in Table 23
were determined fromdata from collec-
tions in 1969, 1972, and 1974,5»31»32
Concentrations in food products after
June 1975 are cal cul ated assuming that
the only loss of radionuclides from
the environment is the result of the

physi cal decay of each radionuclide.



Table 23. Measured and estimated radionuclide concentrations in food
products on Bikini and Eneu Islands at Bikini Atoll
Concentration, pCi/g wet wei ght
1 January 1975
Food product gy 137¢cq 60co 239,240p,,
Bikini terrestrial foods
Pandanus fruit 7.60 46.7  <1.30(-2)%  <4.81(-3)
Breadfruit 17.3 90.5 <3.59(-2) <6.12(-3)
Coconut nrmeat (dry wt) 1.82 108 co. 111 <1.06(-2)
Coconut m |k 0.851 50.6 co. 103 <9.01(-3)
Domesti ¢ neat 0. 201 22.2 <1.05(-2) <1.42(-2)
Coconut crabs 220 47.6 1.09 6.8(-3)
Gar den veget abl es 12.9 56.7 7.40(-3) <5.56(-4)
Eneu terrestrial foods
Pandanus fruit 0. 407 3.09  <1.02(-3)%  <3.96(-4)
Breadf ruit 0, 924 5.99 <2.82(-3) <5,03(-4)
Coconut nmeat (dry w) 9.76(-2) 7.16  <8.74(=3) <1.86(-2)
Coconut m |k 4.56(-2) 3.35 <8.07(-3) <7.41(-3)
Donesti c meat <1.08(-2) 1. 47 <8.24(~4) <1.17(-3)
Coconut crabs 220 47.6 1.09 6.8(-3)
Garden vegetabl es 0. 689 3.75 5.82(-4) <4.57(-5)
SNumbers i n parentheses indicates powers of 10, i.e., (-2)

i ndi cates x 1072,

Thi s conservative approach was
adopt ed because we lack any definitive

informati on that would indicate that

envi ronnental processes might result

in nore rapid, effective renmoval of
radi onucl i des fromthe environnent.
Any environnental process that m ght
cause the renoval of radionuclides
fromthe environment nore rapidly than
t he physi cal

clides woul d,

decay of the radionu-

of course, reduce the

predicted concentrations in the food
products and, as a result, would
reduce the predicted doses via the
terrestrial pathway.

The dietary intake values in Table 3
and the concentrations in Table 23 were
used to generate the pC/da intake of
each of the radionuclides. The results
in Table 24 are for a diet entirely
from Eneu |sland, while those in

Table 25 are for a diet solely from

-32-



Tabl e 24. Total diet from Eneu.
I ntake, pCi/da

Nucl i de 19752 1980
60¢, 29,1 35
13704 2575 4243
90g, 270 412
239,240, 0. 438 0.740

u

M nus Pandanus fruit and breadfruit.

Bi ki ni Table 26 lists the
pCi/da intake for a diet originating

I sl and,

from Bi kini Island, excluding Pandanus

The diet
1980 includes the contribution from

fruit and breadfruit. for
Pandanus fruit and breadfruit from
Table 27 lists the

pCi/da intake for a diet that only

Eneu | sl and.

used with the various living patterns
as foll ows:

Dat a
24
27
26
27
26
25

| nt ake
Tabl e
Tabl e
Tabl e
Tabl e
Tabl e
Tabl e

Living Pattern

(o> TN S ) B S S A I

The data for Bikini
broken down by the areas shown in
Fig. 2.
agriculture could come fromany of the

| sl and were

However, because subsi stence

four areas and because the results do
not differ greatly by area, the aver-
age value of the four areas on BiKini
were used for the dose assessnent.
Because of the relatively uniform con-
centration of radionuclides observed

on Eneu, only one set of intake val ues

was cal cul ated based upon the island' s

al l ows the use of coconut from Bikini average soil concentration.
| sl and. In other words, the rest of The integral 10-, 30-, 50-, and
the diet is fromEneu. The data are 70-yr doses to the whol e body, bone
Table 25. Total diet from Bikini Island.
Intake, pCi/da
Mean of areas
Area 1 Area 2 Area 3 Area 4 1,2,3 and 4
Nuclide 1975 1980 1975 1980 1975 1980 1975 1980 1975 1980
60¢o 45 33 46 44 55 43 54 42 52.5 40.5
137¢4 23,577 39,427 28,893 48,986 31,498 53,685 31,997 54,595 28,991 49,173
Mg, 1415 2726 3810 7841 2186 3882 2163 3836 2394 4571
239,240p, 3,44  5.89  5.15  9.86  3.27  5.48 4.0 7.18  3.97  7.10

-33~




Tabl e 26. Bi ki ni di et mnus Pandanus and breadfruit.
Intake, pCi/da
Mean of areas
Area 1 Area 2 Area 3 Area 4 1,2,3 and 4
Nuclide 1975 1980 1975 1980 1975 1980 1975 1980 1975 1980
60¢, 43,3 32.4 53,2 42,6 52.3 41,8 51.4 40.9 50,1 39.4
137 ¢4 18,175 24,668 22,060 29,994 23,965 32,612 24,330 33,119 22,133 30,098
Ogr 737 931 1750 1997 1064 784 1054 779 1151 1123
239,240p, 3,02 4.58  4.34  7.19  2.88  4.30  3.45 5.42 3,42 5.37
Tabl e 27. Eneu diet with coconut from Bikini.
Intake, pCi/da
Mean of areas
Area 1 Area 2 Area 3 Area 4 1,2,3 and 4
Nuclide 1975 1980 1975 1980 1975 1980 1975 1980 1975 1980
60¢, 41,8 33 51.4 42,8 50.5 41.9 49.9 41,3 48,4 39.8
136g 14,049 20,991 17,347 25,794 18,963 28,155 19,272 28,612 17,408 25,888
90g, 401 604 698 1035 497 743 494 738 523 780
239,240p, 1.74  3.25  3.06  5.85 1,60  2.41  2.16 4,10 2,14 3.90
marrow, and liver of each radionuclide Focusing on the 30-yr integral dose

via the terrestrial food chain are

listed in Table 28 for Eneu Island and
Table 29 for Bikini Island. The
altered diets are listed in Table 30
and 31. Table 30 represents the

Bi ki ni

and breadfruit,

m nus the Pandanus fruit
and Table 31 reflects

di et

the doses for the case in which the
di et
of coconut

is fromEneu with the exception
The Bi ki ni

data represent the average of areas 1,

from Bikini,

2, 3, and 4 as previously described.

34~

diets fromeach island
(Tables 28 and 29), it is clear that
137Cs accounts for nearly all of the
Cesui m 137
accounts for approximtely 60% of the
while s
for the remaining 40%
of 60Co and 239,240

trial

for the total

whol e body exposure

bone narrow dose, accounts

Contributions
Pu via the terres-
food chain are relatively insig~-

241AIn

nificant. Integral doses from

woul d be simlar to the predicted doses

from 239’240Pu. The 30-yr integra
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dose via the terrestrial foodchain on
Bi ki ni

and 37 rem for bone nmarrow conpared to

Island is 23 rem for whol e body

Eneu Island where the respective doses
The 50-yr
show a sim

are 2.0 remand 3.3 rem

integral doses, of course,

ilar difference. It is clear that the
living pattern on Eneu Island is much
preferred to that on Bikini Island for
reduci ng potential dose to returning
popul ations,

The inpact of renoving Pandanus
fruit and breadfruit grown on Bikin
Island fromthe diet can be seen in
Tabl e 31.

reduced by nearly one-half (a 30-yr

The bone marrow doses are

dose of 18 remand a 50-yr dose of

20 rem), while whole body doses are
reduced by approxi mately 40% (a 30-yr
dose of 14 rem and a 50-yr dose of

20 rem. items

Rermoving al | ot her

fromBikini Island fromthe diet with
the exception of coconut, i.e., Eneu
diet plus Bikini Island coconut, gives

a further reduction in bone marrow and
whol e body dose of approximtely 20%
over renoving Pandanus fruit and

How-

conparing the Eneu only diet in

breadfruit only (see Table 31).
ever,
Tabl e 28 and the Eneu diet plus coco-

nut fromBikini Island in Table 31, it

is clear that inclusion of coconut from
Bi ki ni

t he bone marrow and whol e body doses

Island increases significantly

relative to a diet totally derived from
the 50-yr
bone marrow dose froma diet derived

Eneu Island. For conparison,

totally fromEneu is 4.7 rem while the
Eneu diet plus coconut from BiKkini
The 50~yr

whol e body doses fromthe two diets are

leads to a dose of 21 rem

2.8 remand 17 rem respectively.

Dose Summary and Discussion

Tables 6 through 9 list the 10-,
30-, 50- and 70-yr integral doses for
each exposure pathway, plus the sum of
al |l exposure pathway for each of the
six living patterns, As an exanple
the 30-yr integral dose in Table 7
will be exan ned.

For Pattern 1 (living on Eneu
Island and diet from Eneu Island), the
diet contributes 57% of

t he bone nmarrow dose and 48% of the

terrestrial

whol e body dose. The external ganma

~37-

dose contributes nearly 36% of the
bone marrow dose and 50% of the whole
body dose. The marine and drinking

wat er pathways, assuming that the
drinking water on Eneu is fromthe
ground water system each contribute
about 3%to the bone nmarrow dose and
1% or less to the whole body.
in Pattern 1, 93% of the bone

marrow dose and 98% of the whol e body

There~

fore,

dose are contributed by two pathways,

terrestrial and external. For



tern 6, living on Bikini Island and

diet fromBikini Island, the terres-

trial and external gamma pat hways con-
tribute approxinately 88% and 12% of

t he bone marrow dose and approxi mately
82% and 18% of the whol e body dose,
99% of

dose in Pattern 6 results

respectively. I n ot her words,
the total
and externa

30-yr

doses for bone narrow range from

fromthe terrestrial
gamma pat hways. The integral
5.8 remin Pattern 1 (Eneu) to 42 rem
in Pattern 6 (Bikini).

pondi ng whol e body doses are 4.2 rem

The corres-

in Pattern 1 to 28 remin Pattern 6.
As dietary renedial neasures are

taken on Bikini Island, that is Pat-

terns 2, 3, 4, and 5, which are varia-
tions of Pattern 6, the relative con-
tribution of the exposure pathways to
total dose changes, However, the

pat hways that contribute the |argest
fraction of the total dose continue to
be the terrestrial food chain and

external gammma pathways. A summary of
the percentage contribution of each
pathway to total dose in each living
pattern is listed in Table 32.

The summation of the 30-yr and 50-yr
integral doses for bone marrow and
whol e body in the six living patterns
is listed in Table 33.
Pattern 1,

All

The Eneu living

pattern, results in the

| onest dose. other living pat-

terns lead to doses at |east three
and with the unnodified

Pattern 6, the

ti mes higher,
Bi ki ni

doses are at

living pattern
| east six tinmes higher
than with the Eneu living Pattern 1.
It is clear, therefore, that Eneu
I sl and provides by a significant
degree the | owest dose living pattern
at Bikini Atoll

For conparison, the Federal guide-
lines for whole body and bone narrow
dose for a nenber of the population is
O.5rerﬂyr.23'26 Over

the guideline for a population is

a 30-yr period,

5rem The Eneu living pattern (Pat-
tern 1) leads to predicted 30-yr doses
for whol e body and bone marrow of

4.2 rem and 5.8 rem respectively,
whi ch are near the Federa
Pattern 6 (the BiKkini

pattern)

gui del i nes.
Island Iiving
results in predicted 30-yr
doses of 28 remfor the whole body and
42 rem for the bone marrow, these
doses are approximtely 6 to 8 tines
t he Federal The ot her

living patterns (Patterns 2 through 5),

gui del i nes.
whi ch include various renedi al neasures
and are variations of the basic Pat-
tern 6 living pattern, lead to predic-
ted whol e body doses that range from
16 to 19 rem and bone marrow doses

t hat All

of these are in excess of the Federa

range from 18 remto 24 rem

gui del i nes.

-38-



Table 32. Percentage of total 30-yr integral bone marrow dose.

EQY{QPn I nhal ati on External? Mari ne Terrestri al Wt er
1 0.13 36 3.4 57 3.8
2 0.29 19 1.1 83 0. 06
3 0.24 15 0.91 82 0.05
4 0. 28 21 0.1 79 0. 06
5 0.22 21 0.83 75 0.05
6 0.13 12 0.48 88 0.03

fNatural background subtract ed.

Percentage of total 30-yr integral whole body dose.

1 — 50 1.2 48 0.69
2 - 22 0.31 75 0.01
3 18 0.28 78 0.01
4 — 25 0.31 75 0.01
5 — 27 0.26 74 0.01
6 18 0.18 82 0. 007

®Natural background subtract ed.

Table 33. Summation of all exposure pathways (natural background subtracted).

Integral 30-yr dose, rem Integral 50-yr dose, rem

Li vi ng
pattern Whol e body Bone marrow Whol e body Bone marrow

1 4,2 5.8 5.8 8.2

2 16 18 22 26

3 18 22 25 31

4 : 16 19 23 27

5 19 24 28 34

6 28 42 40 61
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Comparison with Enewetak Atoll

Bot h Bi ki ni

were sites for

and Enewetak Atolls
the United States
nucl ear testing program for 1946 to
1958.
Bi ki ni
to their

Recent requests by both the
and Enewetak people to return
home atolls have led to
detail ed radiol ogi cal surveys to
determne the status of the atolls so
t hat

tions placed upon living patterns and

the inpact, if any, of restric-
life styles as a result of the dose
assessnment can be estimated. The
atolls are located within 180 nautica

nmles of each other in the northern

Marshall Islands. They have essen-
tially the sanme topography, soil chem
istry, rainfall, and biota. I n addi -

tion to these physical simlarities,

the distribution of radionuclide con-
tam nation in the islands used for

i mpact
upon living patterns are somewhat

resi dence and the potentia

simlar.

At Enewetak Atoll the major resi-
dence islands of the Enewetak people
prior to their relocation in 1947 were
Engebi Island in the northern half of
the atoll and Enewetak, Medren, and
Japtan Islands in the southern half of
the atoll (see Fig. 5). The people
Island (dri Engebi)

had their own chief (lroj) and owned

l'iving on Engebi

land rights in the northern islands,
and the people living on Enewetak

Island (dri Enewetak) also had their

—40-

own chief and owned land rights in

Many
tests were conducted in the northern
hal f of the atoll;
the maj or

the southern half of the atoll.

and we found that
resi dence island, Engebi
was contanminated. The southern hal f
of the atoll, on the other hand, is
relatively "clean". The results of
t he Enewetak assessnent indicate that
a living pattern involving Engeb
Island for both residence and agricul -
ture involves potential doses in
excess of regul atory guides, while
living patterns in the southern half
lead to doses simlar to
those in the United States (1).

Atoll is

The two mgj or

of the atol

The situation of BiKkini
sonewhat sinilar.
i sl ands used for residence were Bikini
and Eneu (see Fig. 1). The people
l'iving on Bikini Island own |and
rights on that island as do those peo-
Bi ki ni
heavily contanminated as a result of

ple living on Eneu. Island was

Eneu was cont am nat ed

but,

nore contam nated than

the Bravo event;

to a | esser degree, as will be

seen, is still

Enewet ak Atol .
The survey of Enewetak Atoll was

the southern half of

conducted in 1972-73 and the resulting
assessment published in 1973. 36 adgi -
tional information on annual doses and
i mpacts of renedial actions were pub-

lished in the AEC Task G oup Report.37

Recommendati ons on the use of Enewet ak
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wer e based upon these assess-

The availability of this assessnent

of Bi ki ni

At ol

dicted doses at the two atolls.
predicted doses are,

Bi ki ni

al | ows conparison of the pre-

and Eneu |slands at

of course

These

based
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Fig. 5. Map of Enewetak Atoll

upon assunptions on the time sequence
of availability of key food products
as outlined in the respective assess-

ments. The predicted dose for the
living pattern using Bikini Island for
residence and agricultural products

exceeds any predicted for Enewet ak,



Table 34. Thirty-yr integral dose

and Enewet ak Atolls.?®

conpari sons of

living patterns for Bikini

Whol e Bone Federal guidelines for
body, marrow, popul ati on average WB
Living patterns and |ocation rem rem and bone marrow, rem
Bi kini pattern 1 — Eneu Island 4.2 5.8 5
Bi kini pattern 6 — Bikini Island 28 42 5
Enewet ak pattern 3¢~ Engebi 1sland 9.1 13 5
Enewet ak pattern 1% — Sout hern
| sl ands 0.22 0.43 5
United States background radiationd 3.0 3.0 5

#Natural background has been subtracted

Bikini living patterns.
bWB whol e body.

®See Enewet ak Radi ol ogi cal Survey, Vol

d
Based upon an annual externa

primarily because key food products
will be available nuch sooner and the
external gamma doses are higher.

The doses predicted for the primary
living patterns at the two atolls are
listed in Table 34. The highest

di cted doses occur for the living pat-

pre-

tern involving Bikini Island, Pat-
tern 6, at Bikini Atoll. The integral
30-yr whol e body and bone narrow doses

The

predicted doses are approxinmately 2.5

are 28 and 42 rem respectively.

times higher than those predicted for
Enewet ak Atoll (whole

11 rem bone narrow, 16 rem,

Engebi Island at
body,
which is the living pattern leading to
t he second highest predicted doses at
the atolls. Eneu Island, Pattern 1,
Bikini Atoll ranks third in the
list of four major living patterns at

The whol e body dose

at

the two atolls

—42-

fromthe Enewetak and

1 (1973).

background dose of 100 nrem yr at sea |evel.

of 4.2 rem and bone narrow dose of

5.8 remfor Eneu are approxi mately
one-hal f those predicted for Engeb
Island at Enewetak Atoll. However the
Eneu doses are about five tines higher
than the southern island |iving pat-
terns at Enewetak, which lead to the
| owest predicted doses of all |iving
(whol e body,
1.0 rem bone marrow, 1.2 ren) and are

than U S. doses.

patterns at either atol

in fact | ower

Bone doses in the Enewetak Radio-
| ogi cal Survey' were calculated for

m neral bone. These mineral bone
doses were conpared to the Federa
gui deline of 3 rem/yr for a nenber of
the population. The doses in this
and in the AEC Task group

Report37 for Enewetak Atoll were cal-

report,

cul ated for bone marrow and are com

pared to the Federal gquideline of



0.5 remyr for a nenber of the popu-
The bone doses listed for

in the Enewetak Radi o-

| ati on.
Enewet ak At ol
| ogi cal Survey Report' were converted
to bone marrow doses and included in
Table 34 to all ow conparison with
Atoll.

gui del i nes for whole

doses from BiKkini
The Federal
body. and bone marrow are listed in the
| ast columm of Table 34 for conparison
with the predicted doses for each of
the mgjor living patterns at the two
atolls. Doses predicted for Bikini
I sl and and Engebi |sland exceed the
guidelines, while the Eneu living pat-
tern is very marginal. The use of the
sout hern hal f of Enewetak Atoll |eads

to predicted doses below the federa

gui del i nes, and, are | ower than
inthe United States (see Table
34).

In final

again,

analysis it appears that
for living patterns with diets com
posed of locally grown products and
residence on the larger islands at
Bi kini Atoll

for residence (i.e.

which are nore suitable
Bi ki ni

no living pattern is pos-

and Eneu
| sl ands),

sible that leads to as |ow a dose as
is possible at Enewetak in the south-
ern half of that atoll, Prelimnary

data® fromthe only other large island
at Bikini Atoll, i.e., Nanu,

that predicted doses for this island

i ndi cate

are nore simlar to those predicted

for Bikini Island,
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